ABSTRACT Mouse embryos at day 9 of development were cultured for 24 to 42 h in 50% fetal calf serum and 50% Waymouth's medium containing 0.5 pglml insulin supplemented with various amounts of progesterone and estradiol-17-& Unmodified medium contained approximately 0
Shortly after implantation, the embryo is exposed to increasing amounts of progesterone and estrogen produced by the developing placenta. It has been suggested that almost half of these steroids pass to the developing fetus (review by Solomon and Friesen, '68) . It seems reasonable that the developing fetus must utilize or inactivate these physiologically active substances or suffer irreversible damage (review by Levitz, '66) .
Progesterone and estrogen appear to regulate cell metabolism and catabolism, as well as influence the synthesis of proteins in target tissues (O'Malley and Means, '74) . The steroids may also modulate the role of transcription of certain genes in the nucleus of target cells (Jensen and DeSombre, '72).
Toward the latter half of pregnancy approximately 40% of the progesterone is either sulfated or converted to estrogen precursors to be used by the mother for increased estrogen production (Harbert et al., '64). Very little is known, however, about the utilization of progesterone by the embryo in the early half of pregnancy, especially before the fetal suprarenal glands and liver are functioning (review by Diczfalusy, '67) . The present study was designed to monitor the effects of altered progesterone and estrogen concentrations on the early developing mouse embryo.
MATERIALS AND METHODS

Embryo collection and cultivation
Virgin female mice, strain 129 SvS1, were housed, five females per male, and given water and a commercial mouse diet ad libitum. A 15-hr light cycle was used. The day of finding the copulation plug was designated day 0 of pregnancy. The same methods for obtaining and culturing in vitro embryos reported earlier were used (Fisher, ' 80) . The 9-day embryos collected were dissected according to the method of New and Coppola ('77). Eleven-day embryos were dissected according to the method of Cockroft ('73). The 9-day embryos were at the 10-14 somite stage and were beginning to rotate from a dorsiflexed to a ventroflexed position. The neural tube was not yet closed and limb buds were absent. The visceral yolk sac circulation was not evident.
The 11-day embryos were ventroflexed, had a vigorous visceral yolk sac circulation, prominent anterior, and posterior limb buds were evident and the eye ring was about one-half completed,
The cultivation method followed that described by Kochhar ('75) using 50% fetal calf serum (GIBCO, Grand Island, NY) and 50% Waymouth's medium (GIBCO). The Waymouth's medium was supplemented with 0.5% pglml sodium insulin, 5,000 U/liter penicillin, 5,000 pglliter streptomycin, and 4 @liter bovine serum albumin (Sigma). Progesterone (dissolved in 100% alcohol) was added to the culture medium to yield final concentrations of 1 x and lo-". Estrogen as estradiol-17P (dissolved in 100% alcohol) was added to yield a final concentration in the cultivation medium of l x The amount of alcohol added was kept constant at 0.5 pVml medium. Control embryos were cultured in the absence of progesterone or estrogen with and without alcohol. Data were pooled for control embryos since no significant morphological or biochemical differences were noted after the addition of small amounts of alcohol.
Embryos were placed singly in 10-ml screwcap plastic test tubes containing 1.5 ml of medium maintained at 37OC and rotated on a mechanical rotator at 30-40 rpm. The gassing sequence used was that suggested by New and Coppola ("77) beginning with 10% 0,, 5% CO,, and 85% nitrogen. The O,% was increased every 12-15 h to 20%, 50%, and 80%. Nitrogen was decreased concomitantly. The 5% CO, was held constant for stabilization of pH. The embryos were transferred to fresh medium after 24 h if cultivation was continued. Termination was at 42 h.
On the 9-day embryos at least five separate repetitive experiments were made for each dose of progesterone and estrogen used. No less than 25 total embryos were used for each dose. A total of 479 embryos from 78 dams was used for the determinations. A total of 261 11-day embryos was used for protein determinations.
Progesterone and estrogen levels were determined by radioimmunoassay in all media and blood serum used. Progesterone levels were assayed according to the methods of Niswender ('73) and Foster et al. ('75, '78) . Estrogen levels were assayed according to the method of England et al. ('74) . Mouse serum samples were obtained by decapitation of nonpregnant females and at gestation days 9, 10, and 17.
Analytic methods
Developmental parameters were analyzed for each dosage level examined. Growth in lo-'", and sue and shape was selectively tabulated by photographic measurements. Heart rate was timed by stopwatch for 15 sec at 37OC. Somite numbers were counted. Subjective comparisons of treated and nontreated embryos were made for closure of the anterior and posterior neuropores; rotation to a ventroflexed position; presence of anterior and posterior limb bud swellings; establishment of visceral yolk sac circulation; fusion of the amniotic and allantoic sacs; and presence or absence of an edematous condition in the pericardial sac or ventricles of the brain.
Protein was analyzed by the method of Lowry et al. ('51) . At 0 and 24 h, the homogenate of 415 embryo was used for analysis. At 42 h, the homogenate was diluted by one-half.
The DNA and RNA were analyzed by the ethidium bromide fluorometric technic of Prasad et al. ('72) , as modified by Ritter ('78) to include the expected values of DNA and RNA for 9-day mouse embryos within the standard dilution curve. Spectrofluorometer excitation wavelength was 365 nm and emission wavelength was 590 nm. Analysis was made on 115 embryo at 0, 24, and/or 42 h for each experiment.
A multiple linear regression analysis was used with P values less than 0.05 indicating a level of signifkance. Student's t-test was used for comparison between treated and nontreated embryos. An analysis of variance and Dunnett's D statistic were also compared. The correlation coefficients of linearized standard curves were all greater than r = 0.991.
RESULTS
Biochemical analysis
Radioimmunoassay of the fetal calf serum for progesterone showed a level of 5.8 x 10-l0M, which was lower than that reported by Esber et al. ('73) , at 2.6 k 1.1 x 10-9M, but higher than that reported by Milo et al. ('76) at approximately 2.5 f 0.5 x 10-l0M. The culture medium used before the addition of progesterone showed a level of 7.2 k 1.5 x 10-loM.
It is obvious that the progesterone content in fetal calf serum will differ in various samples. However, the concentration in all samples was considerably less than the normal circulating level of progesterone for pregnant females in this strain of mouse (Table 1) . Although a rise is indicated, the progesterone levels at days 9,10, and 17 are not significantly different from one another. The litter size from pregnant females also did not differ significantly in any day sample. The radioimmunoassay of fetal calf serum for estradiol-170 showed a level of 3.0 f 0.2 x 10-l0M, which did not differ from that of Esber et al. (' 73) but was different from one of the assays reported by Milo et al. ('76) . The estradiol present in our culture medium after the addition of 1 x 10-lOM estradiol-176 was similar to that found in the serum of 9-day pregnant mice at 4.7 f 0.2 x 10-l0M. The estradiol level for the nontxeenant adult fe-1 -male mice from pooled samples was 3.4
x 10-10M.
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Protein-accumulation values at the beginning of cultivation did not differ significantly between controls and experimentals. A significant increase in protein accumulation was noted for embryos exposed to 1 x and 10-RM progesterone after 24 h in culture. After 42 h these were no longer significantly different. The addition of 1 x 10-IoM estradiol 17-0 to the medium for embryos exposed to 1 x 10-'M progesterone produced a significant increase in accumulation of proteinlembryo after 24 and 42 h ( Table 2) .
The effects of progesterone and estrogen on protein accumulation after a vigorous yolk sac circulation develops was also determined on 11-day mouse embryos. We were unable to detect a statistically significant difference in protein accumulation levels due to the presence or absence of progesterone and estrogen additions to the medium (Table 3) .
The accumulation of DNA was found to rise slightly at the lower doses of progesterone on 9-day embryos; however, the differences were not statistically significant. A similar finding was also evident with RNA accumulation. No differences in DNA or RNA were noted in treated or nontreated 11-day embryos.
Gross morphologic changes Growth and differentiation of the 9-day embryo were also improved in some instances by exposure to additional progesterone. The most obvious changes were the increase in total somite numbers (Fig. 1) for the doses 1 x lo-?, and 10-8M and the appearance of posterior limb buds in those embryos exposed to the same dosages (Fig. 2) . The addition of estrogen to the medium led to no further significant differences from the controls in terms of gross morphological changes. No significant morphological differences were noted in treated or nontreated 11-day embryos.
The number of somites at the beginning of cultivation of the 9-day embryos was similar for all groups. By 24 h the lower dosage levels of 1 x 10-W and 1 x lO+M progesterone exposure produced significant increases in number of somites over the control level, and by 42 hr the 1 x 10-6M progesterone level gave a similar result (Fig. 1) .
The appearance of posterior limb bud swellings in the 9-day cultivated embryos was not noted at any time during culture for the control embryos but began appearing in a small percentage of the embryos by 24 h for 1 x 10-6M and 1 x 10-7M exposure. By 42 h the appearance of posterior limb bud swellings was noted in 10-22% of the embryos for all doses of progesterone tested (Fig. 2) .
Accumulation of fluid in the pericardial sac and ventricles of the brain was noted in the 9-day cultivateci embryos in a small percentage of the controls after 24 hours of cultivation (15.4 f 5.1% and 11.7 f 4.2%, respectively). Pericardial fluid accumulation was sign%-cantly increased by the higher doses of progesterone exposure to 61.4 + 7.4% and 36.7 f 8.9% for 1 x 10-5M and 1 x lO-'jM, respectively, but was not significantly altered by the 1 x 10-W or 1 x 10-*M dosages. Brain ventricular fluid accumulation was significantly elevated in only the 1 x 10-5M progesterone exposure.
Neither heart rate, closure of the anterior or posterior neuropores, rotation to a ventroflexed position, establishment of a visceral yolk sac circulation, fusion of the amniotic and allantoic sacs, nor the appearance of anterior limb buds for the 9-day cultivated embryos was affected by the addition of progesterone to the medium. The addition of estrogen did not alter these findings. Heart rate was not affected in the 11-day cultivated embryos.
DISCUSSION
The results of this study indicate that the addition of progesterone and estrogen to the cultivation medium at or near the normal in vivo circulating levels can improve the morphological development and protein accumulation levels of mouse embryos in vitro between the ninth and tenth days of development. If, however, the 11-day mouse embryos are cultured for 24 h, the observable changes are no longer evident.
Although nothing is known on early embryonic effects of progesterone, the idea that this hormone may play a role in fetal development is not new. Guerne and Stutinsky ('78) found no steroid receptors in the fetal portion of the placenta, but they felt that fetal growth may be regulated indirectly by hormonal stimuli as they were able to demonstrate increased growth response in rabbit embryos. Vito and Fox ('79) have also demonstrated that the embryonic rodent brain by day 17 has the biochemical potential to respond to its sex steroid for at least part of the embryonic developmental period. The addition of excessive progesterone is unnecessary, however, and may suggest that activities such as the observed catabolic effects of progesterone (Landau and Lugibihl, '61) may no longer be beneficial. The increase in pericardial and ventricular fluid for higher doses of progesterone in our experiments suggest the detrimental effects of excessive progesterone. It is recommended, therefore, that progesterone and estrogen addition at 1 x 10-6M to 10-*M and 1 x 10-I0M, respectively, which appears to enhance development of the embryo for a short time, be included as an integral part of a defined cultivation medium.
ACKNOWLEDGMENTS
Special thanks are given to Francine Hale for skilled technical assistance and to Dr. B. England's laboratory of the University of Michigan for assistance with the radioimmunoassay for progesterone and estrogen. environment. Diczfalusy ('67) found, by perfusion of the midterm human fetus with 50 pc of 14CC-labeled progesterone, that uptake of the label be Observed in a number Of embqonic structures, including heart, liver, suprarenal, testicular, and neural tissues.
It is obvious that the fetal-placenta] unit once establif3hed is metabolicdly active as evidenced by hormonal production after implantation has occurred (Soloman and Friessen,
